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SUMMARY

The work of design and fabrication of three Laser Telemeter Units
having 18 channels of IKIG tslemetry and using a PPM GaAs Laser is
described. After s general discussion of the principles of telemetry
and of the signal-to-noise enhancement properties of FM, PPM, and PCM
systems, a detailed discussion of the electrical and of the mechanical
design 1is presented.
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FOREWORD

The work of design and development of the Laser Telemeter for
air gun was conducted under Task 1, Contract DA 23-017-AMC-3455(A),
Picatinny Arsenal, Dover, New Jersey. The Contiact Project Officer
was Mr, Lawrence Ouellette, The personnel who conducted the work at
ITT Federal Laboratories/Nutley, New Jersey consisted of
Dr. L. M. Vallese, Mr. Milner W, Wallace, Mr, Richard Lachenauer,

The authors have considered it a privilege to work with
Mr. Ouellette, who was the original creator of the concept of Laser
Telewmeter and who maintained cognizance of the effort throughout the
program. Thanks are expressed t> Mrs. J. Smith for her enthusiastic
assistance in the secretarial work connected with this oroject.
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1. INTRODUCTION

In the following report, the work of design and fabrication of
three 18-channel Laser Telemeter units for air-gun application devel- ;
oped under Coatract DA 28-017-AMC-3455(A) - Task I - 1is presented,
The design was initiated on November 29, 1966; the telemster units were
fabricated and were delivered to Picatinny Arsenal, New Jersey, on

1 May 1967.

The laser telemeter was first conceived at Picatinny Arsenal by
Mr. Lavrence Ouellette, who also built sn initial five-channel experi-
mental model, Starting from this basic design, ITT Federal Laboratories
developed an 18-channel model, fully opersble in an air gun, The
telemeter has been designated Type LT-18-357.

In the following, after a brief review of the basic techniques of
telemetry and a corparison of the sigrnal-to-noise ratios and data-
transmission capacity of various modulation systems, a detailed descrip-
tion of the electrical and of the mechanical design is presented,
Finally, a report on the successful performance of the Laser Telemeter

in experiments conducted with an air gun at Frankford Arsenal is given,

2. THEORETICAL PRINCIPLES

2,1 Telemetry Technigques

The study of the variation with time of stresses, strains,
temperatures, accelerations, etc., occurring during the operation of
missiies and projectiles is extremely important for the design and
development of the modern highly sophisticated weapons. Telemetry per-
mits the realization of real-time monitoring; however, in the case of
projectiles, the extremely high values of sacceleration and temperature
encountered, as well as the short times of flight, make the design of
telemetry packages rather difficult,
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In general, various telsmetry techniques are available; these
utilize frequency modulation of continuous carriers or modulation of
pulse carriers (PAM, PPM, PDM, PCM) and combinations of the two methods,

The FM/PM technique utilizes a number of standard subcarrier oscil-
lators (see Table 1) which are frequency-modulated with daviation ratio
five by the data signals provided by the sensors. The over-all band of
the various channels ranges from 400 ¢/¢ (Channel 1) to 70 Kc/s
{Channel 18 or Channel E), and the selection and modulation of the
various channels i{s made so as to avoid frequency overlspping. Thus,
the channels may be added together (linear operation - designated "mix-
ing") and constitute a frequency-multiplexing system, which can be
demultiplexed readily by meéans of a suitable bank of filters., 1In the
PM/PM technique, the multiplexed signal is utilized to frequency-
modulate an RF carrier selected in the ranges 216 - 260 mc/s , or
1435 - 1535 mc/s , or 2200 - 2300 mc/s (Fig. 1).

A modification of the above technique is obtained by introduction
of time-division multiplexing. As shown in Fig. 2, a aumber of the data
channels may be connected at the inputs of a commutator, which samplee
each of them at a rate of P times per sec and provides at its output
a sequence of pulses which are utilized to frequency-modulate one of the
subcarrier oscillators, 1t is well known that, in order that sampling
may preserve the information carried in each channel, it is necessary
that the sampling frequency be at least twice the highest frequency con-
tained in the spectrum cf the channel signal, The output of the commu-
tator consists of & sequence of pulses from various channels which are
interleaved and which possess a resultant PRF equal to the product of
the number of channels sampled by the rate of sampling. Therefore, {f
N channels are commutated, and if the maximum spectral frequency in any
one channel is £ , the sampling rete must be F > 2f and the over-all
prf at the commutator output is NF > 2 Nf . The subcarrier oscillator
which is to be frequency-modulated with the latter output signal must be
selectad so that its total frequency deviation is 10 NF or larger,




Tha combination of time multiplexing with frequency multiplexing
just described allows the utilization of the large data-fraquency-
rasponsa capability of tha subcarrier oscillator (NF) to tmnsmit a
nunber of low data-rate channcls (F) , and thus results in a grester
sconomy of the design, although, of coursa, %ha over-all iuformation
capacity is not changad.

In tha above-described technique, the data signals from tha
various channels fraquency-modulata continuous subcarvier oscillators.
Alternatively, the data signals msy be made to modulate pulse carriars;
for this purpose, the techniquas of PAM (puise-amplitude modulation),
PDM (pulse-duration modulation), PPM (pulse-position modulation ), or
PCM (pulse-coda modulacion) may be used. If s single data chamnal is
prasent, and if its maximum spectral fraquency is £ , the output may
be made to modulata diractly a sequenca of pulses, having prf equal
2f or larger. 1In the case of PCM, aach pulse is modulatad digitally,
rasulting in a group of shorter digits (bits) where tha prf of the
group of bits is 2f or larger. Finally, tha modulated pulse sequenca
may be made to frequency- or phase-medulate tha RF transmitter carriar,
Thus, these techniques may be designated raspectively PAM/FM, PDM/PM,
PPM/PM, PCM/PM.

In 3eneral, more than one data channel is present; in order to
utiliza the above-dascribed pulse-modulation techniques, a commutator
is used, so that the outputs of the various data channels are time-
multiplexed and eppsar as a resultant sequence of samples or pulses
with prf N¥ (if N {e tha number of channels and F {is the commu-
tator rate), Clearly, in this case the basic prf of tha carrier
pulses to be modulated must be 2Nf or larger. An example of time-
multiplaxing of eight data channels in connaction with a PAM technique
is shown in Pig. 3; in this case, a master clock triggers a chain of
flip-flops which, through a dioda logic matrix, provide enabling
pulsas to the gatas of the multiplexer, The multiplaxed samplad data

.—‘_.

-




sre further gated through a "duty cycle gate" which allows only the

middle 50% of each sample, in order to remove cransients and facili-
tate separation between channels and synchronization at the receiving
end, For synchronization purposes, ome portion of the transmitted
"frame” is reserved for a sync pulse, which ensures the proper reset-
ting of the demultiplexer binary divider chain; {n addition, continu-
ous control of the frequency and phase of the demultiplexer master
clock is provided, so that the latter remains closely synchronized with
the multiplexer master clock, even though frequency and phase shifts

due to doppler effects or to other phenomena may occur,

A very important property of the multiplexer is its versatility
in permitting an increase of the data-rate capability of a channel by
supercomutation (by combining the inputs of two multiplexer gates
together, obtaining the sum of the individual bandwidths); for example,
in the case of Fig. L, Channels 1 and 5, 2 and 6, 3 and 7 may be con-

nected in parallel, because they divide the frame into equal time per-
iods and thus result in samples taken at uniform intervals., For example,
if the prf s 20 Kc, each channel of the eight channel multiplexers
would have a sampling rate of 2500 c/s ; combining 1 and 5 in parallel
gives a sampling rate of 5,000 c¢/s for the resulting data channel,

Another useful property is the ability to apportion a given band-

width among a number of channels by subcommutation, For example, in the

case of Pig. 4, if one of the multiplexer inputs at 2500-c¢ sampling
rate is (.nnected to the output of another multiplexer, having (say)

16 channels, each of the input chamnnels of the latter wouid have a sam-
pling rate of about 156 c/s .

2.2 Signal-to-Noise Ratio of Various Modulation Tech niques

Stuly of the values of the signal-to-noise ratio after detec-
tion (so/No) for various modulation techniques shows that, in certain
casas, this ratio may be made larger than the corresponding signal-to-

noise ratio before detection (SCINC) . For example, neglecting the
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noise contributions within the receiver, it is found that, for FM
systens, the following relations exist:

so 2 sc
) = 38 (',,—)
0 ™ C

P

vheze B = ths/m‘II is the modulation index; the latter relation is valid
provided sc/Nc is above a threshold value which, for large B , is
generally taken as 20:1 (i.e,, 13 db), In smplitude-modulated systems, :
the signal-to-noise ratio after detection cannot be increased above the

value sc/Nc. This property of FM systems permits the efficient exchange

of bandwidth for power; for example, if B = 5, the FM output S/ is

75 times that of an equivalent AM system, Alternatively, for the sams

S/N at the output of both FM and AN detectors, the requirsd power of the

PM carrier is 1/75 that of the AM carrier.

Consider now the techmique of pulse-position modulation., 1In this
case, one finds the following relatiomship:

s_.o.. 2 t2828_c
N L] N
(+] [

where to is the maximum modulation displacement in eny one direction
avay from the unmodulated position of the pulse, and PR is the system
bandwidth, Thus, for a given value of the bandwidth, the signal-to-
noise ratio may be enhanced provided a suitable maximum modulation dis-
placement is realized., Vice versa, for a given modulation displacement,
the enhancement is obtsined by increasing the system bandwidth. As an
example, if ¢t = lusec and B = 3.3 mc/s ; one has:

SO
N -2
[o]

oZ|e?”

an improvement of 13 db .




In the case of PCM systems, the signal-to-noise ratio varies expo-
nentially with the bandwidth., Ian fact, assume that the PCM is a binary
(i.e., that it transmits two amplitudes only, such as 1, 0 or 1, -1);
if there are m bits per group, the total number of quantized levels is
s = 2" . 1In addition, if the sampling rate is 2f , the number of bits
per level is =m , the number of pulses transmitted ic 2 mf , and the
channel bandwidth is B = nf ,

At the receiver end, the pulses are recshaped, removirg noise and
distortion added in transmission. When the signal-to-noise ratio is
above a threshold on the order of 20 db , the probability of error at
detectior becomes very small (Fig. 5). The information capacity of the
PCM system for double-polarity digit pulses is written as follows:

2s
ave
)

2

C = mf log, 1+
k™ N

vhere s.v is the average signal power and k 1is the ratio between

®
voltage quantization step and rms noise voltage N . 1In an ideal

commurnication system of bandwidth m f , one has:

s
ave) ;

C = =mf log, (1+
N

thus, it is noted that the capacity of PCM systems is closely related

to the maximum ideal value and that it is proportional to the bandwidth;
furthermore, power and bandwidth are exchanged on a logarithmic basis,
For a given bandwidth, the theoretical value of the capacity is obtained
using a power k /12 times larger than the theoretical value; at thresh-
old, this is about 8 times . Finally, the ratio so/No at the decoder

output varies linearly with m ; {.e,,

6=
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Recapitulating, PCM of fers a greater improvement of S/N than other
modulation systems, 1In addition, because of the possibility of regen-
erating the individual bit pulses, the S/N ratio is not affectad ty
fluctuation noise in transmission, provided the S/N is abowe threshold,

In the ITTFL design of the Laser Telemeter, a PPM techmique was
utilized, as explained later; the maximum modulation displacement was
on the order of 1lusec or higher, The system bandwidth, which includes
the bandwidth of the receiver, has not been determined,

2.3 Data-Transmisel on Capacity

Theoretically, the information capacity of a channel (i.e.,
the maximum rate of transmitting information) is proportional to the
system bandwidth and depends upon the number of different symbols to be
transmitted and upon their probability of occurrence; for example, in

an ideal communication system,

]
C = 51032(1+—‘;12)
Consider a telemetry channel of given bandwidth, If the modulation
technique is FM (i.e,, if the data signals are made to modulate a contin-
uous subcarrier oscillator), the ratio between the maximum frequency
deviation of the subcarrier oscillator and the corresponding modulation
frequency is the modulation index B = anﬁmm . For IRIG standards, this
ratio is taken as 5 , in order that wideband FM be obtained, In gen-
eral, the critical value B = 7/2 {s taken as representing the transi-
tion between narrowband FPM (spectral energy concentrated at the carrier)

and wideband FM (spectral energy spread over a wide frequency range).
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Thus, the dats capacity of the various FM IRIG channels is given approxi-
mately by Ap/5 . It has values of 110 c¢/s for Chanmel 11 ; 450 ¢/s for
Channel 15 ; 1050 ¢/s for Channel 18 ; 2100 ¢/s for Channel E ; etc,

The data rates expected in the case of projectiles are in general
within thege rangss., The motion of the projectile within the gun is
snalyzed by the science of "interior ballistics". In geneml, a force,
erprassed as the product of the pressure times the cross-section of the
projectile or gun barrel, is applied abruptly at the start and imparts
an acceleration depanding upon the mass of the projectile; as an example:

x'' = FP/m = a

Assuming that the motion is only tremslational, and neglecting friction
and resistance of air, one finds that, during a time interval 0, =T,
the projectile receives increments in velocity and position given by:

where e is the mean value of the force in the O0,t time interval .
In the case of the air gun, the phanomena are complicated by the affact
of air resistance as the projectile nears the end of the path,

Flight times for air-gun lengths on the order of 50 to 100 ft
are on the order of 10 -~ 20 msec , depending upon the mass of the pro-

jactile,

In order to evaluate the corresponding data bandwidth, assumes that
the sensor cutput waveform possesses a rectangular shape, with duration

¢ and smplitude V (Pig. 6). The Pourier transform of this signal is
(Fig. T):

3 R Y
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F(Jo) = Vx

The corresponding bandwidth mey be taken as Af = 1/r ; this value
represents an approximation, but is acceptable since the bandwidth is
not critically dependent upon the waveform of the semsor output. 1In
fact, if one asssumes that the latter waveform has a triangular shape,

the Fourier transform is expressed as follows:

?(Jo) = Ve [ sinm(wg/ﬂ l -

and the effective bandwidth is still approximately Af = 1/¢,

Thus, it is seen that, using FM telemetry Channel 18, with fre-
quency response 1050 c/s , a data rate corresponding to a flight time
as short as 1 millisecond may be transmitted usefully, In practice, it
is expected that the applicable da a rates are much smaller than the

above value,

3. ELECTRICAL DESIGN OF THE LASER TELEMETER

The selection of the optimum modulation technique for the design of
a laser telemeter is made on the basis of conciderations of modulation
properties of the laser. A laser telemeter differs basically from an
RF telemeter because its output carrier is emitted as a highly collimated
beam, instead of as an isotropic radiation pattern; thus, the use of a
laser requires radically different system design, The high direction-
ality of the emitted carrier is useful in the case of projectiles and
missiles to provide trajectory and velocity information, In the case of
application to the air gun, the trajectory is a straight line contained
in a dark cylinder, at the end of which the antemna of the receiver is

located, Thus, the laser carrier lenls it:elf very conveniently to this

-9-
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particular application and provides a highly intense radiation field
and a large signal-to-noise ratio because of its beam-collimation
propertiaes,

The GaAs laser is best suited for the design of the telemeter
because it operates with high efficiency and requires unsophisticated
modulators, However, the power-dissipation properties must be taken
into account in determining the actual capabilities of the design.
The laser diode is generally built on a smsll support of molybdenum,
whose length (2-3 mils) keeps the junction away from the basic thermal
sink and thus results in a limitation of the cooling and an increase
of the junction temperature under high current drive,

In general, if it iy assumed that the junction temperature is
maintained constant at an equilibrium value, there exists a threshold
of input current (and of input power) in correspondence of which laser
action occurs. As an example, at room temperature, the laser diode
RCA TA2628 has a typical current threshold of ~ 10A--i.e., an input
power threshold of -~ 15 watts (taking into account the input resist-
ence of v,15 ohm , As the junction temperature T is decreased, the
threshold current varies with the power T3 . Assuming that the laser
is driven with pulses of peak power Pp , of duration T , and of
repetition frequency f , the average power input is calculated as

follows:

For a given thermal dissipation design, the values of Pave and of

P_  are prescribed; on the other hand, the frequency f must be
selected in accordance with the sampling theorem (i{.,e., about twice

the maximum frequency of the spectral distribution of the data signals),
There remains the parameter T which must be made as small as possible,

consistent with the response characteristics of the laser diode. In




oy

-y

practice, pulses as narro# as 5 nancseconds have been used for the
laser telemeter design; the frequency f has been selected as 150 Ke/s
and thus the ratio Ptve/Pp has been made approximately 750 x 10-6 .

A further decrease of the power dissipation ~f the laser telemeter
has been realized by operating the unit intermittently--i,e., with pulse
trains of duration T' and repetition frequency f'., 1In practical
realization, the values of T' and of f' have been selected as
~45 msecs and ~0,5 c/sec respectively, The reduced power dissipa-
tion has been found helpful in improving the operation of the laser as
well as that of the avalanche driver stages, and has permitted the util-
ization of a smaller-size dc-dc converter; on the other hand, the
intermittent mode of operation of the laser does not interfere with its
utilization since the flight time in the air gun is expected to be on
the order of 10 - 20 milliseconds,

A block diagram of the design of the laser telemeter is shown in
Fig. 8. The laser utilizes an FM/PPM-modulation technique; eighteen
separate input data channels are available and are used to frequency-
modulate a corresponding number of standard IRIG subcarrier oscillators
Channels 1 to 18, The outputs of the latter are acded together ("mixed")
with application of preemphasis and are finally added linearly to a
150-Ke sinvsoidal carrier, generated by a local oscillator, The result-
ing voltage is converted into a pulse sequence with positive-going pulses
occurring in correspondence of the zero crossings of the wave; this is
obtained by means of amplification, limiting, differentiation, clipping.
The sequence carries information by a pulse-position-modilation tech-
nique, Finally, the pulses are utilized to trigger ava,anche stages,
which in turn drive the GaAs laser,

The intermittent pulse-train operation is obtained by recourse to
a gating transiztor, controlled by a signal generated in a dissymmetric
multivibrator (the wave form is a rectangular pulse with duration
A 45 msec , rep rate ~ 0.5/sec) . The avalanche stages utilize 2N3507
transistors; these have been selected nfter careful examination of a

number of units, As an example, in Table 2 there are summarized the

-11-
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experimental data obtained comparing the amplitudes of the output
pulses, the corresponding time durations, the minimm collector ava-
lanche voltages, the maximum permissible collector voltages for a
nusber of transistors--Type 2N3034, 2N3035, and 2N3507. The avalanche
stages are supplied from a dc-dc comverter; however, since the current
drain of the avalanche transistors is very high during the ON state, two
large storage capacitors (50uF) have been added to supply additiounal
power at the paak of the demand.

A detiiled cir .it diagram of the laser telemeter is shown in
Fig. 9; among the details of design of interest we note the use of a
clamping diode at the base of first transistor 2N3507, to raise the
trigger pulse above ground: the use of diode FD10OO to provide a return
path for the charging current of the capacitors in the avalanche stages;
the use of a voltage divider to provide stable and accurate supply volt-
ages for the drive and final avalanche stsges; the use of two parallel-
connected output avalanche stages, Waveforms of the signals appearing
at various points of the system have been taken and are shown in
Figs. 10 to 18, 1In Fig. 10 is shown the output pulse obtained by replac-
ing the laser diode with a 0.9-ohm resistor; the visual observation was
made using Tektronix Scopes Mod 545A and Mod 585, which have respectively
15-nsec and L. S-nsec rise time; the waasurement of the pulse duration
is ~15 nsec with Mod S4SA and -+ Snsec with Mod 585; the peak curreut
is~7.5A .

The shape of the output pulse train is shown also in Fig, 10. In
this case, the pulse-train duration was 42 milliseconds; the train rer
rate vas 0,L5/sec ; the pulse rep rate was 150 Kc/s ; the peak current
was initially 7.5A and dropped to 5A at the pulse end,

In Fig. 11, the waveform of the puldes driving the final avalanche
stages is shown, It is seen that the peak voltage varies from 6V at
the begin=ing of the pulse train to 5V at the end of the train; thus,
a snaller droop than that shown at the final stage is present.

-12-
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In Pig. 12, the waveshape of the pulses drivimg the first s-alanche
stage is shown in the case of no modulation; these pulses have a pesk
of L4V and a duration of about 6.2 pusec . When telemetry signals are
applied, a periodic back-and-forth shift ("jitter") of the said pulses
about their "no-modulation" positiom occurs,

In Pig. 13, the waveshape of the signals consisting of the 150 Kc/s
carrier with and without superimposed telemetry signals is shown.

In Fig. 14, the envelope of the pulse train (gate pulse) is pre-
sented; this has a magnitude of 8 - 10V , a duration of k2 msec ,
and a rep rate of 1 per 2,2 sec . '

L, MECHANICAL DESIGN OF THE LASER TELEMETER

A general view of the Laser Telemetry Unit is shown in Fig, 15,
The over-all weight is 7 1lbs, Since it is comprised of several more-
or-lesa discrete elements or subassemblies, a brief description of each

can be given,

Recessed in the base plate is a Winchester Connector, to which all
external connections may be made for both operation of the Telemeter
and recharging of the batteries. Internal connections to this unit
terminal are listed in Fig. 16, The mating external connector must pro-
vide jumper connections as shown in Fig. 17 for operation of the unit or

as shown in Fig. 18 for recharging the batteries.

To the inside of this base plate is screwed the special mount con-
taining the 18 subcarrier oscillators plus a mixer-amplifier., This
mount also has a similar terminal to that of the entire unit so that it
plugs into the prewired socket when the base plate is screwed to the
rather intricate aluminum block that carries the DC-DC converter, No
attempt has been made to show the many wires that exist in the junction
box which can be located on the drawing by its cover, Item 7,0, These

-13-
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wires, the back of the terminals to which they are connected, .ad ths

DC-DC converter all are encapsulated with High Temp Resin or Dow-Corning
Silastic,

The next assembly is the Battery Block of aluminum {n which are
potted the batteries, their interconnections, and a socket through which
the mixed signal and DC voltages are comnected to the two layers of
encapsulated circuits indicated as Item 5.

The circuits contained in the first layer are the carrier oscilla-
tor and the multivibrator which gates the unit cn periodically. The
second layer contains the remainder of the circuit stages, Rach of
these layers uses cordwood constructfon between 1/32-in,-thick fiberglass
disks, Many connections were made by soldering as sound resistances welds
were not obtained on the leads of many of the available components, All
of these soldered connections were mades mechanically by binding and crimp-
ing the leads so that the circuits were complete before soldering, Each
layer contains four bx ss bushings, with those of lower layer threaded to
receive No, 6-32 screws. This system makes the two layers into a single
unit with the screws and bushings providing more dimensional stability
than the potting resin alone can achieve, The six interconnections be-
twveen layers are clinched and soidered near the outer diameter of the

interface and are covered with Silastic,

To provide the very short pulses (about 5-nanosecond duration), the
final avalanche transistor stage is located centrslly jusi beneath the
trausistor sockst into which the CaAs laser is plugged. Plugging-in
rather than solidly wiring-in the laser was chosen to facilitate replace-
ment of the latter, However, if solid wiring comnection is used, it may
be possible to decrease further the duration of the laser pulses, thus

improving the over-all thermal performance,

The laser used is the type RCA-TA2628, Though this laser can be
operated at room temperature, the current required is 10 - 15 Amperes,

and the laser still must be cooled to maintain it at room tewperature,

-14-
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During the course of work on this contract, it has been found that these
lasers can be operated with 5-nsec pulsaze at 150,000 pulses per

second at any temperature below <30°C when the driving circuit has only
one of the two transistors operating., The second svalanche traunsistor
doubles the current to assure above-threshold lasing. It was also found
that, cooling with dry ice in the annular channel »>f Item 4,00, about

30 minutes of operation could be obtained, Since this time interval
coincides with the permissible dischar_e time of the batteries, it is

considered adequate,

Cooling of the laser is obtained by clamping it in s brass collar
with an annular channel in which a doughnut of dry f{ce is placed. Since

the case of the laser is above ground, the collar is mounted on a 3/16-ins

thick disk of fiber glass, Thus, the laser is held in the collar with a
brass jam nut, and its 1/2-in,-long leads (one insulated with teflon
sleeving) pass through individual holes in the bottom of the collar,
then through a common clearance hole in the fiberglass and intoc the

transistor socket in the circuit deck,

The battery block, DC-DC converter block, and the subcarrier oscil-
lator base plate all are mounted together with stainless-steel screws;
on the other hand, the circuit deck assembly and laser head are plugged
in, and must be held with an outer stainles.-steel case, Item 3,00, and
the nose pifece, Ttem 1,00, Because of the usual slight out-of-round of
stainless-steel tubing and slight misalignment of the several assemblies
within the unit, the case is a very snug fit, Three set screws, Item
2,00, are used to hold the nose pifece to the case, This arrangement
holds the unit together only adequately for handling; but when it is
loaded into the vehicle of an air gun and & jam nut run down against the

shoulder of the nose piece, everything 1ias made ser ..e,

Collimation of the laser beam is obtained by means of a lens sup-
ported in a brass holder and secured with a stainless-steel jam nut in
tte aluminum nose piece, Finally, photographs of the completed Lager
Telemeter Unit are shown in Figs. 19 and 20,

-15-
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5.  CONCLUSIONMS

The work of design and fabrication of the Laser Telemeter Uuit
wvas completed successfully, The performance of the laser diode
exceeded the original hopes, and the circuits of pulse generation,
avalanche, modulation, etc., were also brought to a high degree of
refinement, A judicious compromise between thermal and electrical

design was achieved,

Preliminary tests conducted at Frankford Arsenal in a 70-ft
air gun have shown that the Laser Units withstand very well the accel-
erations and the stresses produced in this type of experimentation,
No damage to any components, including the laser diode, was noted.
Information data placed on Channel 17, 52,5 Kc/s and consisting of
a 100-c’s sinewave, was recovered from the tape ' ecording made dur-

ing the test,

It i{s expected that further advances of design will be possible
on the basis of the results obteined with the present Telemeter. 1In
particular, the duration of the pulses and their duty cycle may be
increased, thus extending the range of applicability of the device.
Additional improvements in weight may be obtained by more-extensive

recourse to integrated circuits.

-16-
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TA

B

LE 1

SUBCARRIER OSCILLATOR FREQUENCIES

CENTEL LOWER
FREQ. LIMIT

BAND (cps) (cps)
1 4oo 370
2 560 518
3 T30 675
L 960 888
5 1,300 1,202
6 1, T00 1,572
7 2,300 2,127
8 3,000 2, T15
9 3,900 3,607
10 5, 400 4,995
11 7,350 6, 799
12 10, 500 9,712
13 14,500 13,412
14 22,000 20,350
15 30,000 27,750
16 ko,000 37,000
17 52,500 L8, 560
18 70,000 6k, 750
A 22,000 18,700
B 30, 000 25, 500
C Lo, 000 34,000
D 52,500 Lk, 620
E T0, 000 59, 500

UPPER
LIMIT

cps)
430
602
785
1,032
1,398
1,828
2,473
3,225
k,193
5,805
7,901
11,288
15, 568
23,650
32,25
43, 000
56, 4lo
75, 250
25, 300
3k, 500

60, 380
80, 500

DEVIATION
(%)

FREQUENCY
RESPONSE
(cps)

7.5

*15

"

"

6
8.4
1
14
20
25
35
45
29
81
110
160
220

2,100




TABLE 1II

TESTS OF AVALANCHE TRANSISTORS

TRANSISTOR SIGNAL SIGNAL MIN, AVALANCHE SELF~AVALANCHE
TYPE  NO. INPUT OUTPUT VOLTAGE VOLTAGE
3507 2 6 v 20NS 20V 1kNS 120V Not Aval, 130V
3034 A 1.2v 20N  >20V 5NS 8s5v o 9oV
3%7 31 1.3V 20NS  >20V 5NS 95v " 155v
3507 1 b v 20ns 18v  10NS 100V " 110V
3034 B 1.3V 20NS  >20v 5NS 8 92V
3507 5 4 v 20Ns 1€¢  15NS 95V Not Aval, 100V
357 9 4 v 20x8s 1V 13NS 100V " 105V
3507 7 4 v 20NS 18V 12N 100V = 110v
3507 8 L v 20NS 20V 12N8 105v " 120V
, 3507 b 4 v 20ows 17V 1588 120V " 14ov
357 6 h v 20NS 19v  12N8 115v " 125v
3507 3 b v 20NS 19v  1uNS 120v " 130v
3034 c 1.4V  20NS 17v 5NS OV T5v
3034 D 1.3V 20NS >20V 5NS 8cv ooV
3034 E 1.3V 20NS  >20V 5NS 8ov 92V
3034 F 1.2V 20NS  >20V 5NS 8av 92V
3034 e} 1.2V 20Ns >20V 5NS 8sv 9oV
3034 H 1.2V 20NS 20V 5NS T6V okv
3034 1 1.2V 20NS 18v 5NS Tov 8sv
3035 1 1.2V 20NS 1kv 5NS 65v 6TV
3035 2 1.2V 20NS 10v NS TOV T2V
3035 3 1.2V 20NS 15V  5NS 60v T8v
! 3035 h 1.bv  20NS gv  ONS 60v 60V
i 3035 5 1.2V 20NS 11v 5NS 55v 57V
! 3035 6 1.3V 20NS  >20V 5NS 80V Very Unstable 60V
3035 7 1.2V 20NS 14v 5NS 58v 78v
3035 8 1.1v  20NS 13v 5NS 65v 68v
3035 9 Doesn’t Avalanche Lov
3035 10 1.2V 20NS 9V 10NS TOV TOV
3507 1 1.3V 20NS  >20V 5NS 95V 143v
3507 2 1.bv  20Ns >0V 5NS 100V 160V
3507 3 1.2v  20NS 16V 5NS 95V Very Unstable 75V
3507 N 1.bv  20NS >20V 5NS 100V 150V
3507 5 1.bv  20Ns  >20V 5NS 105v 130V
3507 6 1.bv  20Ns  >20V 5NS 105V 160V
3507 8 1,3V 20NS >20V 5NS 95v 105v
3507 9 Doesn'’t Avalanche at all 8Sov
3507 10 1.bv  20NS  >20v 5NS 105v 155%v
3507 11 1.bv  20NS  >2ov 5NS 105v 145v
3507 12 1.2V 20NS  >20V 5NS 100V 100V
3507 13 1.3V 20NS >0V 5NS 115v 170V
3507 1h 1.Lbv  20NS >20V 5NS 105v 160V
3507 15 1.bv 2088  >20V 5NS 95V 145v
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INPUT
INPUT

INPUT
INPUT

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

+27.5v

UNIT TERMINAL IDENTIFICATION LIST

(ITT Pederal Labs)

to Vector Unit

+27.5V From Battery

Chassis Ground (through Vector Unit)
Battery & System Ground

+15,6 to Pin No.l Potted Circuit
+27.5V to DC-DC Converter

+15,6V From Battery

to
to
to
to
to
to
to
toe
to

- 9,6V to Pin No. 2
NO C.
to Channei No. 16 -

Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel

No.
No.
No.
No.
No.
No,
No.
Not
Not

to Channel No.
- 9.6V From Battery

to
to
to
to
to
to
to

Channel
Channel
Channel
Channel
Channel
Channel
Channel

N. C.

No.
No,
No.
No.
No,
No.
No.

3 0.73 ke
1 - 0,40 ke
5 = 1.3 ke
9 - 3.9ke
T = 2.3 ke
11 - T.35 ke
15 - 30.0 ke
13 - 14,5 ke
17T - 52.5 ke
Potted Circuit
40,0 ke
14 - 22,0 ke
18 - 70.0 ke
8 - .0 ke
12 = 1.5 ke
10 - 5.5 ke
2 - 0,5 k¢
6 - 1.7 ke
b -  0.96 ke

Pigwre 16 '




L

Male

Female

o >

L1

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

cHVXIZIC NG T IMO

INPUT
INPUT

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

Mmoo AN oD N X

OPERATING JUMPER PLUG

(ITT Pederal Labs)

Signal Ground

to
to
to
to
to
to
to
to
to

to
to

to
to
to
to
to
to
to

Channel
Channe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>